come mainly from the paramagnetic (Ramsey) intra-atomic terms.
They are related to the gross features of the two-dimensional band structures. The calc fated anisotropy is about -140 ppm and is independent of the finer details such as charge transfer.
For donor types, the carbon 2p 7r orbitals are spin-polarized because of mixing with metal conduction electrons, thus there is an additional dipolar contribution which may be correlated with the electronic specific heat. The general agreement with experimental data is satisfactory. IJAN1986 20^ft^Î w A wide variety of molecular and metallic species may be intercalated between the carbon layers of graphite. Because of the high electrical conductivities and the nearly twodimensional characteristics, these graphite intercalation compounds (GIC) have been extensively studied. 1.2 From the 13C nuclar magnetic resonance (NMR) spectra, the chemical shifts (CS) may be used as microscopic probes for the electronic structures.
The method is also universally applicable to GIC of both the acceptor (with molecular species such as Br 2' HNO 3 , AsF5, SbC1 5 , A1C1 3 , etc.) and donor (wi_*h metallic species such as K, Cs, etc.) types. The pristine graphite itself has a layered structure with relatively weak interplanar interactions. Following the standard notations of the coordinate systems 3 , the planes of the carbon atoms are parallel to the xy-planes and the z-axis is a threefold symmetry axis. The 13C CS-tensor E is expected to be both diagonal and axially symmetric (-S is often denoted as the chemical shift shielding parameter c-in the literature). [4] [5] [6] [7] The diagonal components Szz Sxx , and 3 yy will be abbreviated as sz , Sx , and Sy . Since Sx= .S y , there are only two independent components, S and X, which may be measured experimentally with the magnetic field B parallel and perpendicular to the z-axis.
They will be expressed in ppm (10 -6 ) with respect to tetramethylsilane (TMS) as the reference. It is convenient to define 8i=(9z +29x)13 and 8 a = Sz-9 x as the isotropic and anisotropic parts of the CS.
While structural changes do occur upon intercalation, the carbon layer structures remain intact for GIC, hence we also expect their CE tensor to have approximate axial symmetry. vary with the compositions of the GIC of donor types (GICD).
In the present work, we have calculated the CS for GIC and have considered the "band" and the "dipolar" contributicns.
We will show that the former term depends only on the gross features of the electronic 2pir and 2p7r band structures and is not very sensitive tcward the finer details such as charge transfers or Fermi levels. We will then correlate the "dipolar"
term with the electronic specific heat of GIC. It will then be shown that only "band" contribution may to present for GICA (since their electronic specific heats are very small) but both terms may be important for GICD.
We will first consider the "band" contribution. 
where the factor of 2 is included for up and down spins, c is Usually, informations are rather incomplete about the excited states, thus the energy denominators in (1) 
We will refer to (2) as the average energy (AE) approximation.
Clearly, AE is an over-estimate since AE is the lowest possible value of E c -E v and all terms in the square bracket of (1) are positive. The equation is similar (with L Z replaced by L x ) for S x . However, a different value of A E 1 must be used.
(b) We may truncate the series in (1) by including +1 only under Tc:
We will refer to (3) 
Again, the FE approximation is smaller by a factor of 2, 
Energy band calculations 209 21 give E Ir ' -E a. = 12 eV, Efi -EC.=E1r '-E W = 15 eV. For center r', we get S z =433, Fx=347, Sa = 3z-Sx=86 in the AE approximation and gz =216, Sx =174, Sa =42 in the FE approximation.
We will now calculate CS at one of the corners P of the BZ. We have the same w and 7r' wave functions as before, and E n = E 7 There are now two Q'-functions. One of them, In the AE approximation, we get
In the FE approximation, we get are not consistent with each other and further work is needed.
We will now consider the "dipolar" contributions to CS which may be important for GICD. Knight shift measurements int may be somewhat uncertain.
We note that the presence of the metallic electrons are also clearly demonstrated by the electronic specific heat 11, 26 which is proportional to temperature with the proportionality constant -f.
This constant is nearly proportional to the metal concentration and may be related to the Pauli spin susceptibil:ty ^ s25
where µ is the Bohr magneton, k B is the Boltzmann constant, -Y is in units of erg(mole) -1 ( OK) -2 and ^ is in units of cm3mole-1.
Thus the Pauli susceptibility I may be eliminated between eq. (15) and (16 is about a factor of 10 smallar than the anisotropic part Sa . This isotropic term is usually ascribed to polarizations of the carbon core s-electrons by the unpaired -ff-electron spins 27 , and the factor of 10 reduction has been previously observed for similar atoms. 28 The results for GICA are also included for comparison. Very small values of y have been observed for these compounds, hence S a comes from the "band" contribution only. Alternatively, the choice 1=1 may be inferred from the x-ray photoelectron data 29,30 which have indicated almost complete charge transfer of metallic electrons to carbon atoms. From (17), the calculated F will be changed only slightly (about. 20 ppm for C 8K and C 8Cs, 3 ppm fcr higher stage compounds) and -ne agreement with experimental data 3s still satisfactory.
In conclusion, the CS in GIC may be expressed as the sum of "band" and"dipole" contributions. The "band" term is determined by the gross features of t:e two-dimensional band structure and is independent of the intercalant concentration. The "dipole" term is due to the mixing between metal and carbon electrons and is absent for GICA. It is related to the electronic specific heat for GILD. There is general agreement with the experimental data.
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